The Society of Radiologists in Ultrasound convened a panel of specialists from a variety of medical disciplines to reach a consensus about the recommended imaging evaluation of painful shoulders with clinically suspected rotator cuff disease. The panel met in Chicago, Ill, on October 18 and 19, 2011, and created this consensus statement regarding the roles of radiography, ultrasonography (US), computed tomography (CT), CT arthrography, magnetic resonance (MR) imaging, and MR arthrography. The consensus panel consisted of two co-moderators, a facilitator, a statistician and health care economist, and 10 physicians who have specialty expertise in shoulder pain evaluation and/or treatment. Of the 13 physicians on the panel, nine were radiologists who were chosen to represent a broad range of skill sets in diagnostic imaging, different practice types (private and academic), and different geographical regions of the United States. Five of the radiologists routinely performed musculoskeletal US as part of their practice and four did not. There was also one representative from each of the following clinical specialties: rheumatology, physical medicine and rehabilitation, orthopedic surgery, and nonoperative sports medicine. The goal of this conference was to construct several algorithms with which to guide the imaging evaluation of suspected rotator cuff disease in patients with a native rotator cuff, patients with a repaired rotator cuff, and patients who have undergone shoulder replacement. The panel hopes that these recommendations will lead to greater uniformity in rotator cuff imaging and more cost-effective care for patients suspected of having rotator cuff abnormality.
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Nazarian et al of the humeral head is indicative of a chronic rotator cuff tear that cannot be surgically repaired (18) . Other potential radiographic findings include os acromiale, fracture, osteoarthrosis of the acromioclavicular or glenohumeral joint, and, less commonly, other bone abnormality such as malignancy.
CT has a limited role in the setting of suspected rotator cuff disease but can be used to evaluate muscle atrophy and fatty degeneration; however, grading of such findings can be unreliable (19, 20) . CT after the intraarticular injection of iodinated contrast material (CT arthrography) may be used to evaluate the intraarticular structures (eg, labrum) and rotator cuff tears that communicate with the articular surface (21) . Because MR arthrography can provide more information than CT arthrography about interstitial and bursal-sided tears and does not use ionizing radiation, the use of CT arthrography is not common in the evaluation of the rotator cuff. CT arthrography may have a more important role after surgery because metal anchors and their associated artifacts may compromise the diagnostic value of MR images.
MR imaging is an effective imaging method for evaluating the rotator cuff. With MR imaging, a full-thickness rotator cuff tear can be diagnosed with 92.1% sensitivity and 92.9% specificity, whereas a partial-thickness tear can be diagnosed with 63.6% sensitivity and 91.7% specificity (12) . Other important information about the rotator cuff obtained with MR imaging is the presence of muscle fatty degeneration and atrophy, which is associated with poor outcome after rotator cuff repair, although grading of fatty degeneration can be unreliable (20, 22) . Advantages of the use of MR imaging include a global from a variety of medical disciplines to reach a consensus about the recommended imaging evaluation of painful shoulders with clinically suspected rotator cuff disease. The panel met in Chicago, Ill, on October 18 and 19, 2011, and created this consensus statement. The goal of this conference was to construct several algorithms with which to guide the imaging evaluation of common clinical scenarios where rotator cuff disease is suspected. The panel believes that such algorithms would help guide practicing physicians, improve patient care, and potentially reduce unnecessary imaging costs.
Imaging of the Shoulder
Radiography is routinely used in the evaluation of the rotator cuff because imaging findings may indirectly suggest rotator cuff disease or provide additional information important to clinical management. For example, cortical irregularity of the greater tuberosity at the attachment site of the supraspinatus indirectly indicates the presence of a rotator cuff tear with a sensitivity of 90% and a negative predictive value of 96% (16) . Other information gained from radiography includes the presence of a subacromial enthesophyte or acromioclavicular osteophyte, which can cause cuff impingement. Calcification of the rotator cuff and, possibly, the adjacent bursa can also be visualized. Superior migration of the humeral head with narrowing of the acromiohumeral distance is an important radiographic finding that is indicative of the presence of a large or massive rotator cuff tear that has disrupted the force couples of the glenohumeral joint. Goutallier et al (17) reported that an acromiohumeral distance of less than 6 mm was almost always associated with a full-thickness chronic infraspinatus tear and, therefore, surgical repair is not always amenable owing to poor quality of the cuff and advanced fatty degeneration. Conversely, an acromiohumeral distance of 6 mm or more was of no diagnostic relevance (17) . Other studies have also reported that the presence of cephalad migration S houlder pain has a self-reported prevalence in the general population of between 16% and 26% and is the third most common musculoskeletal symptom for which patients seek medical attention, trailing only low back pain and knee pain (1, 2) . The most common causes of shoulder pain include rotator cuff disease (defined as tendinosis and/or tear), frozen shoulder, instability, and osteoarthritis. Rotator cuff disease is the most prevalent cause of shoulder pain, occurring in approximately 65%-70% of patients (3) . The prevalence of rotator cuff disease increases with age, and it is estimated that, by the age of 70 years, more than 50% of the population will have a fullor partial-thickness rotator cuff tear, although not always symptomatic (4) . Early diagnosis of rotator cuff tears is important because untreated tears may enlarge, cause increased pain (5) , and lead to irreversible fatty degeneration and atrophy of the shoulder musculature (6) . Once these muscle changes occur, the risk of a recurrent tear after surgical repair is substantial and has been reported to be as high as 94% (7, 8) . In addition, larger and retracted tears can be technically difficult to repair, and intrinsic changes in tendon properties may preclude an anatomic repair to the footprint (9, 10) .
There is a wealth of literature evaluating imaging techniques that can be used to detect rotator cuff abnormality. These techniques include radiography (11), ultrasonography (US) (12), magnetic resonance (MR) imaging (12), MR arthrography (13) , and computed tomographic (CT) arthrography (14) . Nevertheless, the choice of imaging test is often based on individual physician preference rather than scientific evidence. The American College of Radiology has developed appropriateness criteria that rate the relative usefulness of various imaging modalities for the evaluation of shoulder pain in different clinical scenarios (15) . Although these criteria are informative, they do not define an algorithmic approach to the imaging evaluation of suspected rotator cuff disease.
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Role of the Moderators and Facilitator
The moderators designed the schedule for the consensus conference and invited the speakers. During the conference, the moderators introduced the formal presentations, led the panel discussions, and created the algorithms from a laptop projected onto a video screen while receiving the panelists' input. The facilitator took comprehensive notes during the presentations for later reference during algorithm creation and helped focus the panel discussions. 
Formal Presentations

Panel Discussions
Panel discussions were scheduled throughout the day to mirror the preceding presentations. These discussions were an open exchange of ideas among the panelists. The specific topics of discussion were as follows: imaging algorithm for shoulder pain from the clinicians' perspective; relative roles of shoulder MR imaging, CT, and US for shoulder pain; and diagnostic algorithm in context of American College of Radiology Appropriateness Criteria tears (30, 31) . Operator dependence also exists with MR imaging, where interobserver variability has been reported as moderate; poor agreement is reported for partial-thickness tears (32, 33) . Defined imaging techniques and protocols are important to minimize such operator dependence, especially with US. Although a review of shoulder imaging protocols is beyond the scope of this article, it is essential that a comprehensive imaging protocol be followed for both US (34) and MR imaging (35) . Regardless of whether images of the rotator cuff are obtained with US or MR imaging, the goals are the same-namely to obtain high-spatial-resolution images of the rotator cuff in the short and long axis in such a way as to avoid artifacts that would limit interpretation.
Methods and Conference Preparations
The Society of Radiologists in Ultrasound consensus panel consisted of two co-moderators (J.A.J., L.N.N.), a facilitator (C.B.B.), a statistician and health care economist (L.P.), and 10 physicians who have specialty expertise in shoulder pain evaluation and/or treatment. Of the 13 physicians on the panel, nine were radiologists who were chosen to represent a broad range of skill sets in diagnostic imaging, different practice types (private and academic), and different geographical regions of the United States. Five of the radiologists routinely performed musculoskeletal US as part of their practice (J.A.J., L.N.N., C.B.B., T.T.M., and S.A.T.), and four were musculoskeletal radiologists who did not routinely perform US (L.W.B., L.S.S., M.J.T., and J.N.W.). There was also one representative from each of the following clinical specialties: rheumatology (R.G.T.), physical medicine and rehabilitation (J.S.), orthopedic surgery (K.Y.), and nonoperative sports medicine (J.M.M.). Several months before the conference the moderators assigned speaking topics to nine of the panelists, and these speakers provided outlines and references for their presentations to the other panelists ahead assessment of all shoulder structures, including cartilage and bone marrow, whereas disadvantages relate to patient issues (claustrophobia and contraindications owing to certain metallic implants and electronic devices), cost, and accessibility. MR imaging after intraarticular administration of contrast material (MR arthrography) can also be used to assess the rotator cuff, with 95.4% sensitivity and 98.9% specificity for the diagnosis of full-thickness tear and 85.9% sensitivity and 96% specificity for the diagnosis of partial-thickness tear (12) . The use of intraarticular contrast material with MR imaging is ideal for the evaluation of an intraarticular abnormality related to labrum and cartilage (23) . US evaluation of the rotator cuff was introduced in 1977 (24) and has become more widespread with advances in technology, increased portability, and decreased costs (25) .With proper training, high accuracies in the diagnosis of rotator cuff disease can be achieved. A full-thickness rotator cuff tear can be diagnosed with 92.3% sensitivity and 94.4% specificity by using US, whereas a partial-thickness tear can be diagnosed with 66.7% sensitivity and 93.5% specificity (12) . US can also help diagnose rotator cuff muscle fatty degeneration and atrophy (6, 26, 27) . Advantages of US include portability, low cost, and lack of contraindications, whereas disadvantages relate to limited assessment of the capsule, labrum, and cartilage as well as the inability to evaluate purely intraosseous abnormalities. The spatial resolution of images obtained with US is higher than that of images obtained with routine MR imaging (28) , and patients prefer US examination to MR imaging (29) .
With US, both image acquisition and image interpretation tend to be dependent on the skill of the interpreting physician. With the other imaging modalities, however, the greater operator dependence occurs during image interpretation. With regard to US evaluation of the rotator cuff, low interobserver variability has been demonstrated, although variability is higher in the diagnosis of partial-thickness SPECIAL REPORT: Imaging Algorithms for Evaluating Suspected Rotator Cuff Disease Nazarian et al helpful in all age groups in the evaluation of suspected rotator cuff abnormality, the panel believed that such a study was of low yield in patients younger than 40 years if there was no history of trauma. Therefore, the consensus was to perform radiography as the first test only in patients with a history of acute trauma and/or those who are at least 40 years of age. If the radiograph demonstrates calcific tendinosis and if the clinical physician believes that the calcification is causing the symptoms, then treatments such as US-guided needle lavage and aspiration and subacromial-subdeltoid bursa corticosteroid injection can be considered (36) . If superior migration of the humeral head is present with an acromiohumeral distance of less than 6 mm, then the findings are diagnostic of rotator cuff tear (37) . If the radiograph demonstrates cortical irregularity of the greater tuberosity, then further evaluation is warranted given its association with rotator cuff tears (11) . If the radiograph shows a fracture, dislocation, or other non-rotator cuff abnormality, then the patient can be treated appropriately.
perform MR or CT arthrography, and/ or do not perform shoulder US. The algorithms are therefore based on a "best case" scenario. (c) When imaging tests are judged equally valid in diagnostic accuracy, the algorithm should include the test of lower cost and/or exposure to ionizing radiation. The panelists agreed that three separate imaging algorithms were needed to address different patient populations: one for the native shoulder (Fig 1) , one for a shoulder that has undergone rotator cuff repair (Fig 2) , and one for a shoulder that has undergone glenohumeral joint replacement (Fig 3) . Each algorithm would begin with a patient suspected of having a rotator abnormality and would end with a positive diagnosis, related either to the rotator cuff or to another abnormality.
Native Shoulder
The algorithm for native shoulders is shown in Figure 1 . Panelists first addressed when radiography was indicated in patients suspected of having a rotator cuff abnormality. Although it was agreed among the entire panel that a radiograph could potentially be
Imaging Algorithms
The algorithms were developed gradually throughout the panel discussions and were finalized during a 4-hour discussion session on the 2nd day of the conference. No algorithm was finalized unless all of the panelists agreed with every branch of the algorithm. If one of the panelists objected to a portion of the algorithm, it was revised until all panelists were in agreement. Minor changes were also incorporated by consensus during the drafting of the manuscript until all panelists signed off on the final version of the manuscript.
When developing the imaging algorithms, the panelists agreed on the following statements: (a) The need for imaging should be determined by a history and physical examination performed by a competent clinician. 
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Nazarian et al of the biceps brachii abnormality, or subacromial-subdeltoid bursal abnormality that explain the patient's pain, then the patient work-up is complete. If, however, the US findings do not explain the cause of pain, then MR imaging or MR arthrography should be performed next. CT arthrography should be performed if the patient has a contraindication to MR imaging or a history of surgery that could cause substantial metallic artifact at MR imaging. The panelists noted that although MR arthrography has been shown in a meta-analysis to be more sensitive and specific than either US or MR imaging for rotator cuff tears (12), the procedure is invasive because it requires intraarticular injection of a gadolinium chelate. Because the panel agreed that neither routine MR imaging nor MR arthrography has a clear advantage over the other test in all situations, the panel agreed that one or the other could be ordered on the basis of referring physician and/or radiologist preference. MR arthrography would be preferred in a patient with shoulder instability, where detailed assessment of the labrum and labroligamentous structures is required. MR imaging or MR arthrography findings could include normal rotator cuff, rotator cuff abnormality, or other abnormality such as labral tear, fracture, or bone tumor-any of which complete the diagnostic imaging evaluation. In patients younger than 40 years who have no history of trauma, the consensus was to begin the imaging evaluation with US if there is clinical suspicion of isolated rotator cuff disease, although it is acknowledged that it may be difficult to differentiate between isolated rotator cuff injuries and rotator injuries associated with other shoulder injuries at clinical examination. MR imaging or MR arthrography (or CT arthrography if there is a contraindication to MR imaging) should be used if there is suspicion of rotator cuff abnormality and concomitant labroligamentous or other glenohumeral abnormality (ie, cartilage injury, intraarticular bodies). The rationale for going directly to MR imaging or MR arthrography in the field of view afforded by MR imaging gives a better "road map" to the shoulder surgeon, especially in the setting of a torn rotator cuff with retraction beneath the acromion. The panel agreed that, in most cases, US provides accurate information about tear size and location such that the patient will get the appropriate surgical treatment and that the need to obtain additional MR images would be at the discretion of the treating physician (39) .
If the US findings are diagnostic for a normal rotator cuff, rotator cuff disease, or other positive findings such as impingement, long head On the basis of the literature, most notably the meta-analysis by de Jesus et al (12) , the panelists agreed that US should be the next examination in the evaluation of suspected rotator cuff abnormality. This decision was based on the nearly equivalent accuracy of US and MR imaging for full-and partial-thickness tears (12) combined with the fact that US has a lower cost (38) , greater patient acceptance (29) , and no contraindications. The panel also agreed that US can provide information concerning fatty degeneration and atrophy of the rotator cuff musculature (6, 26, 27) . A discussion arose over whether the greater 
Nazarian et al In conclusion, on the basis of reported accuracies of various imaging methods and taking into account cost, this multidisciplinary consensus panel has proposed algorithms for use in the imaging evaluation of the rotator cuff in patients with a native rotator cuff, those with a repaired rotator cuff, and those who have undergone shoulder replacement. The panel hopes that these recommendations will lead to greater uniformity in rotator cuff imaging and more cost-effective care for patients suspected of having rotator cuff abnormality. latter situation is that MR imaging and MR arthrography have been shown to be highly sensitive for labroligamentous abnormality, including tears (40, 41) . Because there are insufficient data regarding the sensitivity of US for diagnosing labroligamentous abnormality (42) , the consensus of the panel is that US examination should not be used for suspected capsular or labral injuries.
Shoulder with Previous Rotator Cuff Repair
The algorithm for shoulders that have previously undergone rotator cuff repair and in which there is clinical suspicion of either a recurrent or new rotator cuff tear is shown in Figure 2 . Panelists agreed that radiography would be the initial imaging method of choice. Superior migration of the humeral head may be suggestive of a large recurrent rotator cuff tear, whereas a dislodged suture anchor should be followed by US evaluation of the rotator cuff. If the initial radiograph is noncontributory, US would be the next test because it has been shown to be highly accurate in the evaluation of the postoperative shoulder (43) . An equivocal US scan of the rotator cuff would prompt MR imaging or MR arthrography (44)-with CT arthrography performed if there is a contraindication to MR imaging.
Shoulder after Arthroplasty
The algorithm for a patient suspected of having rotator cuff abnormality after shoulder replacement surgery is shown in Figure 3 . Panelists agreed that patients with shoulder pain after arthroplasty should undergo both radiography and US in all circumstances unless an obvious radiographic finding such as a fracture or prosthetic loosening obviates the need for further imaging (45) . A review of serial radiographs postoperatively is also crucial to the differentiation of stable radiolucent lines from findings of loosening, implant subsidence, or osteolysis. US has been shown to be very accurate in the evaluation of the rotator cuff in patients who have undergone arthroplasty (45, 46) . Only if the US scan is equivocal would another test be necessary. In
